Afferent fibers innervating skeletal muscle are large-diameter myelinated (Aα-58 [group I] or Aβ-[group II] fibers), small-diameter myelinated (Aδ-, or group III fibers) 59 or unmyelinated (C-or group IV fibers). The large-diameter myelinated fibers innervate 60 muscle spindles or Golgi-tendon organs. They are mechanosensitive and involved in 61 regulation of length and tension of skeletal musculature. Afferent muscle Aδ-fibers are 62 either nociceptive, low pressure sensitive or contraction-sensitive. Unmyelinated muscle 63 afferents are either nociceptive, low pressure sensitive, contraction-sensitive, stretch-64 sensitive or thermosensitive or show combinations of these sensitivities (Adreani et al 65 1997 , 1998 Hayes et al 2005; Kaufman et al 1983; Mense and Meyer 1985, 1988;  66 Mense and Stahnke 1983; Taguchi et al 2005;  for review see Kumazawa and Mizumura 67 1977, Mense 1993) . In vitro investigation of muscle afferent neurons using calcium 68 imaging of dorsal root ganglion cells show that small-diameter muscle afferent neurons 69 may be divided, according to their chemosensitivity, into low metabolite responsive and 70 high metabolite responsive afferent neurons (Light et al 2008) . The small-diameter 71 muscle afferent neurons are involved in activation of cardiovascular and respiratory 72 systems during muscular exercise (Kaufman and Forster 1996; Mitchell et al 1983) , in 73 sensations during exercise as well as muscle fatigue, deep pressure sensation (Graven-74 Nielsen et al 2004; Rivers and Head 1908) and pain sensations (Simone et al 1994; 75 Marchettini et al 1996; Torebjörk et al 1984) . 76 Which functional ectopic discharge properties are shown by muscle afferents 77 after injury to the muscle nerve? These ectopic discharge properties may be important in 78 the generation of neuropathic pain following peripheral nerve injury. In a chronically 79 injured skin nerve most injured ectopically active A-fibers are mechanosensitive, but 80 very few are thermosensitive whereas injured ectopically active afferent C-fibers show 81 mechano-, cold-or heat-sensitivity or combinations of these sensitivities (Gorodetskaya 82 et al 2003 (Gorodetskaya 82 et al , 2009 Grossmann et al 2009a,b; Jänig et al 2009) . 83 Here we investigated the ectopic discharge properties of injured myelinated and 84 unmyelinated muscle afferents following crush lesion of the lateral gastrocnemius-85 soleus nerve in the rat. Ongoing activity and responses to mechanical, cold or heat 86 skeletal muscle assuming a regeneration speed of 1-3 mm/day (Sunderland 1978 (Sunderland , 1991 . For the neurophysiological experiments anesthesia and maintenance of the rats 112 were the same as described previously (Gorodetskaya et al., 2003 (Gorodetskaya et al., , 2009 In 55 rats the left lateral gastrocnemius-soleus nerve and the sciatic nerve up to 130 the sciatic notch were exposed. In these experiments the sciatic nerve was put on a 131 rigidly fixed small black perspex platform approximately 10 mm proximal to the 132 separation of the gastrocnemius-soleus nerves from it. A pool was formed from the skin 133 flaps and filled with warm (30°C) paraffin oil. 134 In 20 rats the lateral gastrocnemius-soleus nerve and the lumbar dorsal root L4 or 135 L5 were exposed. The afferent neurons innervating the lateral gastrocnemius-soleus 136 muscle project through the spinal nerve L4 (45%) or the spinal nerve L5 (55%) (Swett et 137 al 1991) . In these rats a laminectomy was performed by removing the dorsal processes 138 and attached dorsal arches of the vertebra L2 to L6. Dorsal roots and spinal cord were 139 covered by paraffin oil in a pool made of the surrounding skin. The dorsal root L4 or L5 140 was put on a rigidly fixed small black perspex platform. Before isolating filaments from 141 the sciatic nerve or from the dorsal root L4 or L5 the common peroneal nerve (after 142 carefully separating it from the sciatic nerve), the sural nerve and the tibial nerve were 143 transected. 144 On the black perspex platforms fine strands were teased out from the dorsal site of were rare in our sample (see Fig. 1B ).
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In the remaining A-or C-fibers (most of them in TP I) the exact latency of 171 response to electrical stimulation of the muscle nerve was not measured because of the 172 overlap of the electrically evoked action potentials. However, in these cases it was 173 always possible to classify the fibers as A-or C-fibers on the basis of the size and shape 174 of the action potential in relation to the electrically or ectopically evoked action 175 potentials (Blenk et al 1996) . Under our filter conditions (see above) action potentials 176 recorded from A-fibers were usually two-phasic and larger than action potential 177 recorded from C-fibers (see superimposed action potentials in Figs III afferents small diameter myelinated (Aδ-) fibers and group IV afferents 240 unmyelinated (C-) fibers. In our study we had no criteria to discriminate between 241 groups I, II or III fibers (see Fig. 1B ). Therefore we will use throughout the text the 242 terms A-fibers (or myelinated fibers) and C-fibers (or unmyelinated fibers). (Table 1) . 257 In 23 experiments of TP II (4-7 days after nerve injury) we studied 258 systematically all nerve fibers in the filaments which were isolated from the sciatic 259 nerve and activated by electrical stimulation of the lateral gastrocnemius-soleus nerve 260 for their ectopic ongoing and evoked activity and for their conduction velocity. In these 261 experiments 51% of the electrically identified A-fibers and 60.5% of the electrically 262 identified C-fibers were ectopically active (Table 1) were no statistically significant differences in the functional characteristics (incidence of 291 ongoing activity, mechano-or thermosensitivity or their combinations) between the 292 afferent fibers isolated from the sciatic nerve and the afferent fibers isolated from the 293 dorsal root. Therefore both populations of afferent fibers will be described together. We will first describe the discharge properties of the injured A-and C-fibers A-FIBERS. In TP I only very few A-fibers showed mechanosensitivity (Table 2 ). In TP 310 II 91% of the injured A-fibers with ectopic activity were mechanosensitive. Most A-311 fibers showed brisk responses with high instantaneous frequencies to repetitive 312 mechanical stimulation at about 1 Hz (Fig. 2A1 ). Some of them switched to tonic 313 discharge during this repetitive mechanical stimulation (Fig. 2A2 ). The mechanical 314 thresholds ranged from 0.3 ->10 mN (median 0.7 mN, n=76) and showed a bimodal either immediately, during the stimulus or even after the stimulus (Fig. 7) . The 371 discharge pattern during heat stimulation was regular in 21.9%, bursting in 37.5% or 372 bursting followed by regular discharges in 40.6% of the heat-sensitive A-fibers. These 373 patterns correlated with the pattern of ongoing activity. Thus, A-fibers with a regular 374 ongoing discharge mostly showed a regular discharge pattern during and after heat 375 stimulation ( Fig. 7) and A-fibers with a bursting ongoing discharge a bursting discharge 0.01 to 38.8 imp/s (mean ± SEM, 10.9 ± 0.9 imp/s, median 9.5 imp/s, N=96; Fig. 10 ). 404 The pattern of ongoing activity was irregular (20.2%), regular ( unlikely but needs to be studied. 526 About 50% of the injured muscle A-and C-afferents show ongoing activity.
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Whether non-injured muscle afferents have ongoing activity is very much debated. 528 However, it has been shown by some groups that intact muscle Aδ-afferents Table 4 Comparison of injured muscle afferents (4-7 days after nerve crush) and injured cutaneous afferents (4-14 days after nerve crush)
A-fibers (2009) All percentages (frequencies of afferent fibers with a particular functional property) are expresses with respect to the total number of fibers. ## The number of afferent fibers with ectopic activity is significantly higher in the injured muscle nerve than in the injured sural nerve since 50% and 45% of the axons in the muscle nerve are somatomotor or postganglionic, respectively, yet very few and 15% in the sural nerve.
